Eight male workers (mean age 50 years) in a hard metal plant were diagnosed as having hard metal asthma on the basis of the following criteria56: (1) the development of wheezing, dyspnoea, and chest tightness at work or at home, or both, after starting work in the hard metal factory; (2) no symptoms at the weekend or during holidays and improvement in peak expiratory flow rate measurements at these times; (3) airflow obstruction that improved by over 1500 after a bronchodilator; (4) no abnormality on the chest radiograph or computed tomogram; and (5) a positive bronchoprovocation response to cobalt chloride. Three of the patients worked in grinding, three in sintering, one in shaping, and one in the inspection department. Three had been transferred from the powder department to the less dusty sintering or inspection departments. None of the patients had a history of asthma before starting work in the plant.
Hard metal is an alloy of tungsten carbide in a matrix of cobalt and sometimes nickel in addition. Hard metal dust has been known to be associated with occupational asthma since Bruckner' first reported the development of asthma in a patient working in a tungsten carbide plant. Cobalt has been considered to be the factor responsible.'2-Tungsten has been regarded as inert because it failed to provoke asthma in challenge tests.'01' Further support for sensitivity to cobalt came from our own studies,67 in which a positive result in the Farr test (precipitating antibody) with cobalt-57 was obtained from seven out of eight cobalt sensitive patients and in none of 60 non-exposed asthmatic patients. Cobalt has been thought to be the only causative agent in this disease.'3 To be certain, however, bronchial challenge and immunoallergic studies need to be performed with other metal components, such as chromium and nickel, which are also known to cause occupational asthma,'4 as these metals have been found in appreciable concentrations in open lung biopsy specimens,'0'5 bronchoalveolar lavage fluid,'0 15 and blood'5 from workers exposed to hard metal dust.
The purpose of this study was to examine eight workers diagnosed as having hard metal asthma due to cobalt to assess the airway, skin and specific radioallergosorbent test (RAST) responses to nickel sulphate. 267 Methods SUBJECTS (table 1) Eight male workers (mean age 50 years) in a hard metal plant were diagnosed as having hard metal asthma on the basis of the following criteria56: (1) the development of wheezing, dyspnoea, and chest tightness at work or at home, or both, after starting work in the hard metal factory; (2) no symptoms at the weekend or during holidays and improvement in peak expiratory flow rate measurements at these times; (3) airflow obstruction that improved by over 1500 after a bronchodilator; (4) no abnormality on the chest radiograph or computed tomogram; and (5) a positive bronchoprovocation response to cobalt chloride. Three of the patients worked in grinding, three in sintering, one in shaping, and one in the inspection department. Three had been transferred from the powder department to the less dusty sintering or inspection departments. None of the patients had a history of asthma before starting work in the plant.
We also studied eight non-smoking men (mean age 54 years). Three had atopic asthma and three non-atopic asthma, and two were normal volunteers. All had an FEV, above 700,o predicted and underwent bronchial provocation tests and skin tests with nickel sulphate to verify that the metal solutions used in the challenge studies were not acting as nonspecific irritants. None of these patients had a history of exposure to hard metal dust.
REAGENTS
The test reagents were nickel sulphate (super special grade, Wako Pure Chemicals, Osaka) and methacholine chloride (Daiichi Pure Chemicals, Tokyo). High grade fraction V human serum albumin (HSA; Sigma, St Louis, Maryland) was dialysed against EDTA before use. Metal chemicals were diluted in phosphate buffered saline for skin tests and challenge studies. Methacholine chloride was diluted in physiological saline.
PERIPHERAL BLOOD ANALYSIS AND SEROLOGICAL STUDIES
Total and differential white blood cell counts, immunoglobulins (IgG, IgA, IgM), and complement levels were determined. Serum was collected from patients several days after they had been away from work, and from 25 symptomless male workers (five in shaping, 10 in sintering, and 10 in grinding) who had been exposed to hard metal dust in the same factory. Sixty control serum samples were also obtained from non-exposed patients with intrinsic and The eight patients and eight control subjects showed various levels of bronchial responsiveness to methacholine. There was no change in the PC20 methacholine value 24 hours after inhalation of 20o nickel sulphate in any of the patients with an early reaction to nickel sulphate (though two received corticosteroids after the early reaction). There was a large fall in PC20 (from 410 to 36 ,g/ml) in patient 6, who had a late reaction (fig 2) .
Discussion
Nickel is sometimes added to hard metal as a matrix in addition to cobalt. Personal sampling has shown considerable amounts of nickel in the breathing zones (mean concentration 4-2- reactions after inhalation of low molecular weight substances (<1000 daltons).6'6 Only five cases of nickel asthma'4 16 17 23 24 with bronchial challenge tests with nickel sulphate or work dust have been reported; two showed an early reaction, two a late reaction, and one a dual reaction. In the last case'4 the worker was exposed to both nickel and chromium in a metal plating plant; whether nickel alone can induce a dual asthmatic reaction is therefore uncertain. A non-specific effect of nickel appears to be unlikely, since our eight control subjects, including six asthmatic patients with bronchial hyperresponsiveness, did not respond to inhalation of 2°' nickel sulphate.
Further evidence for sensitisation to nickel comes from the finding of nickel reactive IgE antibodies in four of our affected patients (mean (SD) RAST index 2-08 (0 08)) and absence of these specific antibodies in the serum from 60 non-exposed asthmatic patients (1-42 (0-15)) and 25 symptomless exposed workers (1-32 (016)) with a wide range of serum IgE titres (fig 1) . The standard deviation for the RAST results in the three groups was small, indicating good reproducibility of the test in both patients (SD 0-08) and control subjects (0 06). Furthermore, there was a strong correlation (r = 0-8 1) between the mean diameters of the weals produced by intradermal nickel sulphate and Ni-HSA RAST. The absence of specific antibodies in the serum from the other patients with hard metai asthma was not unexpected because skin reactivity does not always correspond to specific RAST scores. 16 These findings suggest that nickel may have some role in hard metal asthma through a type I as well as a non-immunological mechanism.
Four patients showed evidence of specific IgE antibodies to cobalt conjugated albumin and nickel conjugated albumin ( 
